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ELECTRICAL CONTACT COMPONENT, COAXIAL CONNECTOR, AND ELECTRICAL 

CIRCUIT DEVICE INCLUDING THE SAME 

BACKGROUND OF THE INVENTION 

1 . Field of the Invention 

[0001] The present invention relates to a surface-mount 
electrical contact component, such as a coaxial connector, and an 
electrical circuit device including the same. 

2. Description of the Related Art 

[0002] Some of the electrical circuit devices, such as 
communication devices of cellular phones, conventionally include 
a signal -switchable surf ace -mount coaxial connector having a 
switch. For example, Japanese Unexamined Patent Application 
Publication No. 2001-176612 (Patent Document 1) discloses one 
type of coaxial connector. 

[0003] Fig. 4 shows the general appearance of the surface- 
mount coaxial connector, and Fig. 5 shows a cross section thereof. 
The coaxial connector 10 includes an external terminal 2, an 
input terminal 3, and a fitting portion 4. The external terminal 
2 has a first principal surface 1 1 opposing a wiring board 31, a 
second principal surface 12 substantially parallel to the first 
principal surface 11, and a pair of sides 13. The boundary 
between the second principal surface 12 and the sides 13 is 
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defined by an edge line 14. The external terminal 2 has a base 
configuration. The fitting portion 4 has a cylindrical shape and 
is provided on the second principal surface 12 of the external 
terminal 2 and integrated with the external terminal 2 . 
[0004] The surfaces of the external terminal 2, input terminal 
3 and fitting portion 4 are covered with metal films by, for 
example, plating, and the external terminal 2 and the fitting 
portion 4 are electrically connected to each other. The metal 
films each include an under layer made of a Ni metal film 42 and a 
surface layer made of a Au metal film 43. 

[0005] The coaxial connector 10 is surf ace -mounted on the 
wiring board 31 with solder . More specifically, the external 
terminal 2 and the input terminal 3 are electrically connected to 
predetermined portions of the wiring board 31, thereby achieving 
the function of the coaxial connector. Fig. 5 is a sectional 
view of the mounted coaxial connector taken along a plane 
perpendicular to the sides 13, omitting the internal structure 
including the input terminal 3 . 

[0006] During use of the coaxial connector 10, the solder 32 
applied for surface mounting to connect the external terminal 2 
spreads on and rises from the second principal surface 12, and 
further extends to the fitting portion 4 as shown in Fig. 5. 
Consequently, fitting failure may occur in the socket of the 
coaxial cable corresponding to the fitting portion 4. Although 
it is sufficient for the solder 32 to reach the sides 13 of the 
external terminal 2, the solder 32 that has risen to the second 
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principal surface 12 easily extends to the fitting portion 4. 
[0007] The surface mounting of the coaxial connector 10 is 
generally performed by passing it through a reflow furnace, and 
this is often repeated several times. Consequent ly, solder 
deposited at appropriate locations may be remelted by repeatedly 
passing through the reflow furnace, and thus , dis advantageously 
rise and reach the fitting portion 4 . 

[0008] In order to prevent the solder from rising, Japanese 
Unexamined Patent Application Publication No. 8-213070 (Patent 
Document 2) discloses a method for forming an oxide coating film 
over a predetermined region. 

[0009] In Japanese Unexamined Patent Application Publication 
No. 10-247535 (Patent Document 3), for the formation of the Au 
plating surface layer on the Ni plating underlayer, a region in 
which the Au plating layer is not formed is prepared and the Ni 
plating layer exposed at this region is oxidized by an alkaline 
aqueous solution such that the oxidized Ni film prevents the 
solder from rising. 

[0010] In Japanese Unexamined Patent Application Publication 
No. 2002-203627 (Patent Document 4), a metal film having low 
solder wettability is provided as the under layer and another 
metal film having high solder wettability is provided as the 
surface layer over the under layer . Then, only a specific region 
of the metal surface layer is removed by etching, such that the 
exposed metal film having a low solder-wettability prevents the 
solder from rising. 
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[0011] Unfortunately , the method disclosed in Patent Document 
2 requires the additional step of forming the oxide coating film 
after the steps of forming the metal films . This 
disadvantageously increases the complexity of the manufacture 
process . 

[0012] In the method disclosed in Patent Document 3, the step 
of forming a resist layer or a mask layer so as not to form the 
Au plating film in a specific region is complicated, and the step 
of oxidation treatment with an alkaline treating agent is also 
complicated . 

[0013] In the method disclosed in Patent Document 4, the step 
of etching by laser exposure is complicated and expensive. 



SUMMARY OF THE INVENTION 
[0014] To overcome the problems described above, preferred 
embodiments of the present invention prevent fitting failure 
caused by the rise of solder used for surface mounting of the 
electrical contact components, such as coaxial connectors, at low 
cost and without complicated steps. 

[0015] Accordingly, a preferred embodiment of the present 
invention provides an electrical contact component including a 
base to be mounted on a surface of a mounting board with a solder, 
the base having a first principal surface opposing the surface of 
the mounting board, a second principal surface substantially 
parallel to the first principal surface, and sides substantially 
perpendicular to the first and second principal surfaces and 
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connecting the first principal surface to the second principal 
surface, and a fitting portion continuously arranged second 
principal surface, the fitting portion including a fitting 
periphery having a tubular shape. The fitting periphery of the 
fitting portion is electrically connected to the second principal 
surface and the sides of the base by metal films provided over 
their respective surfaces . The metal films each include a first 
metal layer including Ni as a principal constituent and Co, and a 
second metal layer including Au as a principal constituent and 
overlying the first metal layer . 

[0016] When the electrical contact component according to 
preferred embodiments of the present invention is mounted on a 
board, the constituents (Ni, Co) of the first and the second 
metal layer diffuse into the solder that has risen along the 
sides of the base, and chemically react with Sn being the 
principal constituent of the solder to produce an intermetallic 
compound. The Co promotes the diffusion of the Ni into the 
solder . This intermetallic compound prevents the solder from 
rising to the second principal surface. 

[0017] Preferably, the base of the electrical contact 
component defines an external terminal and is integrated with the 
fitting portion, and the second principal surface is partitioned 
from the sides by an edge line. 

[0018] Preferably, the first and the second metal layer are 
formed by plating or cladding. The Co content in the first metal 
layer is preferably in the range of about 5 percent to about 80 
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percent by weight, and more preferably, at least about 10 percent 
by weight. 

[0019] The electrical contact component according to preferred 
embodiments of the present invention may be a coaxial connector 
having a substantially cylindrical fitting portion provided on 
the second principal surface of the external terminal . 
[0020] The coaxial connector and a wiring board on which the 
base is surface-mounted with a Sn-based solder define an 
electrical circuit device, such as a communication device. 
[0021] In the electrical contact component according to 
preferred embodiments of the present invention, the change of the 
constituents of the metal film defining the underlayer prevents 
the solder from excessively rising and the fitting failure of 
sockets and other components. Accordingly, no complicated step 
is required, and thus the cost is reduced. 

[0022] Other features, elements, steps, characteristics and 
advantages of the present invention will become more apparent 
from the following detailed description of preferred embodiments 
of the present invention with reference to the attached drawings. 



BRIEF DESCRIPTION OF THE DRAWINGS 
[0023] Fig. 1 is a perspective view of a coaxial connector as 

an example of the electrical contact component according to a 

preferred embodiment of the present invention . 
[0024] Fig. 2 is a sectional view of the coaxial connector 

mounted on a wiring board. 
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[0025] Fig. 3 is a photograph of a mounted test piece in a 
preferred embodiment of the present invent i on , viewed from above . 
[0026] Fig. 4 is a perspective view of a known coaxial 
connector . 

[0027] Fig. 5 is a sectional view of the known coaxial 
connector mounted on a wiring board. 

[0028] Fig. 6 is a photograph of a mounted test piece in a 
comparative example, viewed from above. 



DETAILED DESCRIPTION OF PREFERRED EMBODIMENTS 
[0029] Preferred embodiments of the electrical contact 
component according to the present invention will now be 
described using a coaxial connector. 

[0030] Fig. 1 shows the configuration of a coaxial connector 1 
according to a preferred embodiment of the present invention, and 
Fig . 2 shows its cross section. The appearance and the basic 
structure of the coaxial connector 1 are preferably substantially 
the same as those of the generally known coaxial connector shown 
in Figs . 4 and 5 . However, the constituents of the first metal 
layer 2 2 defining the under layer are different . 

[0031] Fig. 2 is a sectional view of the coaxial connector 1 
surface-mounted on a wiring board 31. The section is taken along 
a plane that is perpendicular to the sides 13 of the external 
terminal 2 , and the input terminal 3 and the internal components 
of the coaxial connector are not shown. 

[0032] The coaxial connector 1 includes an external terminal 2, 
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an input terminal 3, and a fitting portion 4. Since the external 
terminal 2 and the input terminal 3 will be connected to the land 
of the wiring board 31 with solder 32 for surface mounting on the 
wiring board 3 1 , they are located in locations that can be 
brought into contact with the wiring board 31. The external 
terminal 2 is a base having a first principal surface 1 1 opposing 
the wiring board 31, a second principal surface 12 substantially 
parallel to the first principal surface 11, and a pair of sides 
13. For the proper function as the coaxial connector, the 
external terminal 2 and the input terminal 3 are electrically 
isolated from each other, and the external terminal 2 and the 
fitting portion 4 are electrically connected to each other so as 
to be integrated with each other. 

[0 033] The external terminal 2 is partitioned into the 
substantially horizontal second principal surface 12 and the 
sides 13. The words "substantially horizontal" mean that the 
surface is substantially parallel to the surface of the wiring 
board 31. This surface is not necessarily precisely parallel , 
and may be slightly tilted as long as function of the coaxial 
connector 1 is ensured. The sides 13 have surfaces to be wetted 
by the solder used for mounting and are physically connected to 
the wiring board 31. The sides 13 are defined by two opposing 
faces of the four surfaces that are substantially perpendicular 
to the substantially horizontal principal surface 12 of the 
external terminal 2. These two sides 13 may extend to the other 
two surfaces. The sides 13 are not necessarily precisely 
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perpendicular to the wiring board 31, and may be slightly tilted. 
The edge line 14 is chamfered. 

[0034] The fitting portion 4 of the coaxial connector 1 is 
preferably substantially cylindrical as shown in Fig. 1. However, 
the fitting portion 4 is not necessarily cylindrical as long as 
it fits into, for example, a socket. For example, the fitting 
portion 4 may have a prism-like shape. The fitting portion 4 
shown in Fig. 1 protrudes from the second principal surface 12 
and its periphery fits in, for example, the socket. The fitting 
portion may extend downward when the second principal surface 12 
has a fitting hole. Also, the fitting portion 4 may be screw- 
fitted with, for example, the socket . 

[0035] The surfaces of the external terminal 2 , the input 
terminal 3 and the fitting portion 4 are coated with a metal film. 
In Fig. 2, first, a first metal layer 2 2 primarily including Ni 
is provided as an under layer over the base material 21 of these 
portions . Then, a second metal layer 23 primarily including Au 
is provided as a surface layer . The first metal layer 22 and the 
second metal layer 23 may be separated by another metal layer. 
However, the first metal layer 22 and the second metal layer 23 
alone are sufficient, and an additional layer is not necessarily 
required . 

[0036] The surface layer, or the second metal layer 23, has 
high solder wettability, and accordingly, the second metal layer 
primarily includes Au . The Au coating film is not degraded by 
sulfuration, unlike Ag coating films. A small amount of 
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impurities may be included as long as sufficient solder 
wettability is obtained. 

[0037] A preferred embodiment of the present invention 
includes a constituent of the first metal layer 22. Specif ically, 
the first metal layer 22 includes Ni as a principal constituent 
and an appropriate amount of Co. Consequent ly, the first metal 
layer effectively prevents the solder used for mounting from 
rising to the second principal surface 12, and further reaching 
the fitting portion 4, as compared to the known Co- free Ni metal 
layer , as described below . The first metal layer 22 must have a 
high adhesion to the second metal layer 23 . The Co-containing 
Ni-based metal layer 22 satisfies this requirement. The first 
metal layer 22 may include other constituents or impurities. 
[0038] As for the Co content in the first metal layer 22, if 
passing through the ref low furnace is performed 3 times , a Co 
content of less than about 5 percent by weight undesirably 
results in insufficient prevention of the rising of the solder . 
Pre f er ably , the Co content is at least about 5 percent by weight . 
A Co content of 10 percent by weight or more is more preferable 
and produces a satisfactory effect in preventing the solder from 
rising, even if the ref low is performed 5 times . However, if the 
Co content is more than about 80 percent by weight, voids may be 
formed in the solder fillets which reduce the bonding strength . 
[0039] The base material 21 of the external terminal 2, the 
input terminal 3 and the fitting portion 4 can be made of, but 
are not limited to, metal, resin, or ceramic. If the base 
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material 21 is primarily made of Ni containing Co, the base 
material 21 produces the same effect as the first metal layer 22. 
[0040] The process for manufacturing the coaxial connector 1 
will now be described. In this section, only the formation of 
the first metal layer 22 and the second metal layer 23 will be 
described. The coaxial connector 1 is manufactured using the 
same process as the known coaxial connector, except for the 
formation of the first metal layer 22 and the second metal layer 
23. 

[0041] One of the techniques for forming the first metal layer 
2 2 and the second metal layer 23 is plating, which is a 
conventional process. If the base material 21 is made of a metal, 
electrolytic plating is preferably used. First, a bare base 
material 21 and an electrically conductive medium are placed in a 
plating bath containing Ni and Co ions, and a current is applied 
to deposit Ni and Co over the surface of the base material 21, 
with the plating bath stirred . A Ni metal layer containing Co, 
that is , the first metal layer 22, is thus formed . Then, the 
resulting base material is placed in a plating bath containing Au 
ions and a current is applied to form a Au metal layer, that is , 
the second metal layer 23 , over the surface of the first metal 
layer 22, with the plating bath stirred. 

[0042] The above-described plating may be performed by 
electroless plating. For example, a bare base material 21 is 
placed in a plating bath containing Ni and Co ions. A reducing 
agent in the plating bath causes a reduction reaction such that 
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Ni and Co are deposited over the surface of the base material 21 
to form the first metal layer 22. Then, the resulting base 
material is placed in a plating bath containing Au ions. The 
difference between the Ni and Co immersion potential and the Au 
deposition potential causes a substitution reaction, and 
consequently forms a Au metal layer, that is, the second metal 
layer 23 , over the surface of the first metal layer 22 . 
[0043] The first metal layer 22 and the second metal layer 23 
may be formed by cladding. First, a plate being the base 
material 21 and a Ni plate containing Co are laid over each other 
and pressed and rolled to be integrated, thus forming a clad 
material . The clad material is pressed into the form shown in 
Fig. 1 such that the Co-containing Ni layer defines the surface. 
[0044] Thus, the surface of the base material 21 is covered 
with the first metal layer 22. Subsequently, the Au-based second 
metal layer 23 is formed by the above-described plating. Thus, a 
coaxial connector having the same structure as that manufactured 
by the above-described plating is produced. 

[0045] The clad material may include three layers expressed by 
base material/ Co-containing Ni/Au . In this instance, no Au 
plating step is required. Cladding can reduce the variation in 
Co content to a greater extent than plating, and accordingly, the 
variation of solder rising are reduced. Furthermore, cladding 
makes the plating step unnecessary or reduces the number of 
required plating steps. Thus, negative effects on environment 
are advantageously reduced. 
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[0046] If the base material 21 includes the same constituents 
as the first metal layer 22, the first metal layer 22 does not 
need to be provided separately by plating or cladding and only 
the second metal layer 23 may be formed . 

[0047] The following will describe the phenomenon produced 
when the coaxial connector 1 is surface-mounted on a wiring board 
31, and a mechanism for preventing the solder from rising, with 
reference to Fig. 2. 

[0048] When the coaxial connector 1 is surface-mounted on a 
wiring board 31 with solder 32, a heating step is performed using 
a ref low furnace or other suitable heating device . The solder 3 2 
is melted and solidified, such that the coaxial connector 1 is 
electrically and mechanically connected to the wiring board 31. 
How the solder 3 2 wets the sides 13 of the external terminal 2 
will now be described. The solder 32 forms fillets at the sides 
13 as shown in Fig. 2 to bond to the wiring board 31. The solder 
primarily includes Sn . 

[0049] When the Sn-based solder is heated to melt and wets the 
sides 13 , the constituents of the first metal layer 22 and second 
metal layer 23 forming the surface of the sides 13 diffuse into 
the solder 32. In particular, the constituents of the first 
metal layer 22, that is, Ni and Co, diffuse into the solder 32 
and react with the Sn in the solder 32 to produce an 
intermetallic compound 33 of Sn/Ni or Sn/Ni/Co . The Co promotes 
the diffusion of Ni into the solder 32. 

[0050] The intermetallic compound 33 has a higher melting 
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point than the Sn-based solder 32, and is difficult to remelt 
even by repeatedly passing through a ref low furnace . The 
intermetallic compound 33 therefore blocks the flow of the solder 
32 melted or remelted in the vicinity of the edge line 14, and 
thus, prevents the solder 32 from rising to the second principal 
surface 12. Thus, the solder 32 does not reach the fitting 
portion 4. 

[0051] If a Pb-free Sn-Ag-based solder is used as the solder 
32, the temperature of the heating step must be higher because 
the melting point of the Pb-free Sn-Ag-based solder is at least 
40°C higher than that of Sn-Pb-based solder or conventionally 
used eutectic solder . Higher temperature promotes the diffusion 
of the Ni, and further enhances the effect of Co of promoting the 
diffusion of the Ni . This effect prevents the solder from rising 
more effectively . 

[0 052] The intermetallic compound 33 does not reduce the 
bonding strength between the coaxial connector 1 and the wiring 
board 31. 

[0053] Accordingly, the coaxial connector 1 prevents fitting 
failure resulting from excessive rise of solder at low cost 
without complicated process steps, by adding Co to the Ni-based 
first metal layer 22. 

[0054] The electrical contact component according to preferred 
embodiments of the present invention that is surface-mounted on 
the wiring board is useful for electrical circuit devices, such 
as communication devices . 
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[0055] Examples of the electrical contact component according 
to the present invention will now be described, using coaxial 
connectors having the same structure as in Figs. 1 and 2. 
[0056] First, a plate primarily made of brass was pressed to 
form a test piece of the coaxial connector having the external 
terminal 2, the input terminal 3, and the fitting portion 4. The 
details for designing and forming the structure shown in Fig. 1, 
which are the same as in the general method as disclosed in 
Patent Document 1 , are omitted . 

[0057] The bare pressed base material 21 and an 

electroconduct ive medium were placed in a plating bath containing 
Ni and Co ions, and a current was applied to form the first metal 
layer 2 2 over the surface of the base material 21, with the 
plating bath being stirred. The amounts of Ni and Co ions in the 
plating bath were controlled such that the Co content x by weight 
in the first metal layer 22 would be the values shown in Table 1. 
The thickness was about 1.2 |im. 

[0058] Then, the test piece having the first metal layer 22 
was placed in a plating bath containing Au ions, and a Au film 
defining the second metal layer 23 was formed over the first 
metal layer 22 with the plating bath being stirred. The 
thickness was about 0.1 |lm. The test pieces of the coaxial 
connector 1 were thus completed. 



Table 1 



Test piece No. 


1 


2 


3 


4 


5 


6 


Co content by weight 
in first metal layer 


0 


5 


10 


15 


20 


25 
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[0059] Each resulting coaxial connector shown in Table 1 was 
disposed on a wiring board with a solder having a composition of 
Sn-3 . OAg-0 . 5Cu, and was passed through a reflow furnace having a 
peak temperature of about 250°C five times for surface mounting. 
The rise of the solder after the third passing and the fifth 
passing through the reflow furnace was observed through a 
magnifying glass. Also, the shearing strength was measured by 
applying a pressure to the first principal surface 11 of the test 
piece after mounting in the direction parallel to the surface of 
the wiring board 31 with a push-pull gage. The results are shown 
in Table 2. 



Table 2 



Test piece No. 


1 


2 


3 


4 


5 


6 


Was there fitting failure by 
solder rising after 3 cycles 
of passing through reflow 
furnace? 


Yes 


No 


No 


No 


No 


No 


Was there fitting failure by 
solder rising after 5 cycles 
of passing through reflow 
furnace 


Yes 


Yes 


No 


No 


No 


No 


Shearing strength after 5 
cycles of passing through 
reflow furnace 


17.9 
(1.1) 


21.5 
(1.6) 


19.7 
(2.4) 


18.7 
(1.6) 


20.8 
(1.2) 





Each shearing strength is the average derived from 5 test pieces, and the values in the 
parentheses represent standard deviations o n -i. 

[0060] In test piece No. 1 having an x value of less than 
about 5%, which is a comparative example, the solder 32 rose and 
reached the fitting portion 4 of the coaxial connector 1 after 
three cycles and after five cycles of the passing through the 
reflow furnace . 
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[0061] In test piece No. 2 having an x value of about 5%, 
which is an example of one of the preferred embodiments of the 
present invention, the solder 32 was prevented from rising after 
three cycles of the passing through the reflow furnace, but the 
solder 32 rose and reached the fitting portion 4 of the coaxial 
connector 1 after five cycles of the passing through the reflow 
furnace . 

[0062] In test piece Nos. 3, 4, 5, and 6 having x values of 
about 10% to about 25%, which are examples of preferred 
embodiments of the present invention, the solder 32 was prevented 
from rising to reach the fitting portion 4 after three cycles and 
after five cycles of the passing through the reflow furnace. 
[0063] Figs. 3 and 6 are photographs showing the states of the 
risen solders after five cycles of the passing through the reflow 
furnace of test piece No. 5 as an example of one of the preferred 
embodiments of the present invention and test piece No. 1 as the 
comparative example, respectively. 

[0064] The shearing strengths after mounting of test piece Nos. 
2 to 6 being the examples of preferred embodiments of the present 
invention compared advantageously with the shearing strength of 
test piece No. 1. 

[0 065] Although the preferred embodiments and the examples 
disclosed above illustrate a coaxial connector having a 
substantially cylindrical fitting portion, the electrical contact 
component according to the present invention is not limited 
thereto . 
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[0066] As described above, the present invention is useful for 
surface-mount electrical contact components, such as coaxial 
connectors, and electrical circuit devices using such electrical 
contact components. In particular, the present invention is 
advantageous in preventing solder used for surface mounting from 
rising to cause fitting failure. 

[0067] While preferred embodiments of the present invention 
have been described above, it is to be understood that variations 
and modifications will be apparent to those skilled in the art 
without departing the scope and spirit of the present invention . 
The scope of the present invention, therefore, is to be 
determined solely by the following claims . 
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